Little is known about the associations of Adequacy of Prenatal Care Utilization (APNCU) index with small-for-gestational-age (SGA) infants and preterm births. This study investigated the association between the Adequacy of Prenatal Care Utilization (APNCU) index in relation to small-for-gestational-age (SGA) infants and preterm births. We used data from 212,050 pregnant women from the Pregnancy Risk Assessment Monitoring System (PRAMS) between 2004 and 2011. Multivariable logistic regression analyses were performed to examine the effect of the APNCU index on SGA infants and preterm births after controlling for maternal sociodemographic factors. Women who received adequate-plus prenatal care in reference to adequate prenatal care had increased odds for delivering SGA infants (adjusted odds ratio (AOR) = 1.08, 95% confidence interval (CI) = 1.03-1.15). Women with 9-11 prenatal care visits had increased odds of delivering SGA infants (AOR = 1.07, 95% CI = 1.02-1.14) compared to those with more than 12 visits. Among the four APNCU index categories, the highest rate of preterm births was observed in the adequate-plus group. Compared to those with adequate prenatal care, women who received adequate-plus prenatal care had increased odds of preterm birth (AOR = 1.69, 95% CI = 1.55-1.84). Compared to those with more than 12 visits, women with fewer than eight prenatal care visits had increased odds of preterm birth (AOR = 1.29, 95% CI = 1.13-1.48). In conclusion, women in the adequate-plus APNCU index category were more likely to deliver SGA infants and to have preterm births compared to those in the adequate APNCU index category. Women in the U.S. with high-risk pregnancies were prone to receiving adequate-plus prenatal care. Future prospective studies are warranted to investigate the influence of APNCU index in relation to pregnancy and birth outcomes.
Introduction
Preterm birth is the most frequent cause of infant and neonatal death in the U.S. [1] and is also the most important factor influencing an infant's subsequent health and survival [2] . Compared to full-term infants (37-41 weeks of gestation), preterm infants (<37 weeks of gestation) have a wide variety of health and developmental problems, including long-term cognitive, behavioral, social, emotional, and neurodevelopmental difficulties [3] . Low birth weight and small-for-gestational-age (SGA) infants are the next most common causes of infant death [1] . Also, low birth weight and SGA are associated with poor neurocognitive development among infants [4] . For these reason, Healthy People 2020, the health objectives for the nation, includes the goal of a reduction of low birth weight rate from a baseline of 8.2% to 7.8% of live births by 2020 [5] .
An important approach to reducing the risk of preterm birth and SGA infants is adequate prenatal care [6, 7] . Prenatal care is a frequently used health service that may reduce the incidence of perinatal morbidity and mortality by treating medical conditions, identifying and reducing potential risks, and helping women to address behavioral factors that contribute to poor outcomes [8] . Studies analyzing trends in prenatal care and birth outcomes have used a number of methods to assess the adequacy of prenatal care [9] . One of the more recently developed methods, the Adequacy of Prenatal Care Utilization (APNCU) index, is an improvement on the Kessner Index from the Institute of Medicine, which considers only the trimester of initiation of prenatal care and the number of prenatal visits [10] . The APNCU index is used for precise and comprehensive measurement of prenatal care [11] .
The beneficial effect of prenatal care utilization indicated by the APNCU index was a reduced risk of preterm birth or SGA [6, [12] [13] [14] [15] , whereas no beneficial effects of prenatal care were shown in the prevention of adverse birth outcomes [16] [17] [18] [19] . There is still significant debate in the U.S. regarding the effectiveness of prenatal care in reducing SGA and preterm-birth pregnant women. The objectives of this study were to determine the rate of prenatal care utilization among pregnant women in the U.S. and to determine the association of the adequacy of prenatal care utilization with SGA and preterm birth. We hypothesized that the adequacy of prenatal care utilization is associated with the risk of SGA and preterm birth in U.S. pregnant women.
Materials and Methods

Study Populations
The present study used data from the Pregnancy Risk Assessment Monitoring System (PRAMS). The PRAMS is an ongoing surveillance project from the Centers for Disease Control and Prevention (CDC) and state health departments of 40 U.S. states and New York City. The most recent dataset that was attainable at the beginning of this project was from 2004 to 2011, including phases 5 (2004-2008) and 6 (2009-2011) . The PRAMS sample is chosen from among all women with recent live births; therefore, findings can be applied to the participating state s entire population of women who have recently delivered live-born infants. The PRAMS provides state-specific data, and also allows for comparisons among participating states because the same data collection methods are used in all states. The PRAMS, which collects data from the state birth certificate files, is a stratified systematic sample of 100-300 new mothers who have delivered live-born infants in the preceding 2-4 months. A self-administered questionnaire is mailed to each mother. If the mother fails to respond a second, and usually a third, questionnaire is mailed to each mother. If the mother does not respond to the mailings, telephone interviews are used for follow-up. Each completed questionnaire is then linked to information from the state's birth certificate file. The birth certificate files include information on total gestational weight gain and SGA infants. A self-administered questionnaire was mailed to each mother to obtain information on preterm birth. As the survey is conducted several months after delivery, recall bias is possible regarding the mothers' observations or experiences [20] . However, recall bias is of minimal concern for risk factors related to maternal or neonatal morbidity [21] .
The initial PRAMS 2004-2011 cohort included 313,735 women from Michigan. After excluding women with missing data on APNCU (N = 11,445), the number of prenatal care visits (N = 1366), time of the first prenatal care initiation (N = 6565), starting prenatal care in the first trimester (N = 7), previous history of preterm birth (N = 4785), SGA infants (N = 22,336), pre-pregnancy body mass index (BMI) (N = 14,181), gestational weight gain (N = 17,460), and maternal sociodemographic characteristic variables (N = 23,540), the final analytic sample size for the present study was 212,050 women.
Exposure Variables
The APNCU index developed by Kotelchuck determines the adequacy of prenatal care utilization based on two parts: the month in which prenatal care is initiated and the number of visits from initiation of care until delivery and then categorized into four: "Inadequate" care is defined as either starting prenatal care after the 4th month of pregnancy or receiving less than 50% of expected visits based on the schedule of prenatal care visits recommended by American College of Obstetricians and Gynecologists (ACOG). "Intermediate" care is care begun by month 4 and with 50-79% of expected visits received; "adequate" care is that begun by month 4 and with 80-109% of expected visits received; "adequate plus" care is begun by month 4 and with 110% or more of expected visits received [10] . The expected number of prenatal visits was calculated from the month of initiation of prenatal care and gestational age at birth, based on the schedule of prenatal care visits recommended by the American College of Obstetrics and Gynecology (ACOG). The ACOG recommends one visit every four weeks for the first 28 weeks, five times for 32 weeks, six times for 36 weeks, and 7-11 times for 37-41 weeks of pregnancy [22] . Consequently, the ratio of observed number to expected number of visits was calculated and used in categorizing women into four different groups: inadequate, intermediate, adequate, and adequate-plus utilization of prenatal care services. Inadequate utilization is defined as either starting prenatal care after the 4th month of pregnancy or receiving fewer than 50% of the expected visits based on the schedule of prenatal care visits recommended by the ACOG. Intermediate care is care begun by month 4 and with between 50% and 79% of the expected visits received; adequate care is that begun by month 4 and with 80-109% of the expected visits received; adequate-plus care is begun by month 4 and with 110% or more of the expected visits received.
The initiation of prenatal care in the first trimester was categorized as yes, no, or no prenatal care. The number of prenatal care visits was categorized into less than eight visits, 9-11 visits, or more than 12 visits.
Outcome Variables
If the birth certificate indicated that the infant's birth weight was below the 10th percentile for the gestational age, the mother was determined to have experienced the outcome of SGA. From the PRAMS questionnaire, if the infant was born at <37 completed weeks of gestation, the mother was considered to have had a preterm birth.
Covariates
Covariates in the study were maternal age in three groups (≤24, 25-34, or ≥35 years). race/ethnicity consisted of non-Hispanic white, non-Hispanic black, Hispanic, and other non-Hispanic race/ethnicities, maternal education clustered (<high school, high school diploma, or more than high school), annual household income classified into five categories (<$15,000, $15,000-35,000, $35,000-50,000, or ≥$50,000). Marital status was divided into two groups (married or other). Gestational age at birth was categorized into five groups (≤27, 28-33, 34-36, 37-42, or ≥43 weeks). Women, infants, and children (WIC) status during pregnancy was divided into two groups (yes or no). Smoking status was divided into two groups (yes or no). Previous preterm birth was categorized into two groups (yes or no). Parity number was categorized into five groups (0, 1, 2, 3-5, or ≥6).
Statistical Analyses
The participants' characteristics were described using weighted frequency distributions and adjusted for survey sampling. Tests of associations between the APNCU index and maternal characteristics were performed using chi-squared statistics. Multivariable logistic regression was used to examine the relationship between the adequacy of prenatal care and SGA infants or preterm births as an outcome after controlling for pre-pregnancy BMI, gestational weight gain, maternal age, race, education level, income level, marital status, gestational weeks, WIC participation during pregnancy, smoking status during pregnancy, and previous history of preterm birth. The independent variables of interest were the APNCU index (adequate-plus, adequate, intermediate, and inadequate utilization of prenatal care), timing of the initiation of prenatal care (start prenatal care in the first trimester, start prenatal care in the second or third trimester, or none) and the number of prenatal care visits (≥12, 9-11, or ≤8).
To obtain findings applicable to all women in the US, sample weights were applied to account for selection and response probabilities of the survey design. SAS 9.4 (SAS Institute, Cary, NC, USA) was used for statistical analyses. Approval for data use was obtained from the PRAMS Working Group at the CDC for the data analysis. Table 1 presents the distributions of maternal characteristics by SGA and preterm births. Pre-pregnancy BMI, the adequacy of gestational weight gain, maternal age, education, annual household income, marital status, gestational age at birth, WIC participation during pregnancy, smoking status, previous live birth number, timing of initiation of prenatal care, and number of prenatal care visit all significantly differed by the status of SGA and preterm birth, respectively (all p < 0.05). Maternal race only differed by the status of preterm birth. Table 3 shows the distributions of women with SGA infants and preterm births by APNCU index categories. The distributions of SGA infants and preterm births differed significantly by each APNCU category, respectively (p < 0.0001). Among the four APNCU categories, the highest rate of SGA infant was observed in the adequate group (43.7%), whereas the highest rate of preterm birth was observed in the adequate-plus group (41.0%). Compared to those who had received adequate prenatal care, women who received adequate-plus prenatal care had higher odds of delivering SGA infants (adjusted odds ratio (AOR) = 1.08; 95% CI = 1.03-1.15). Compared to those who had received adequate prenatal care, women who received adequate-plus prenatal care had higher odds for preterm birth (AOR = 1.69; 95% CI = 1.55-1.84) ( Table 4) . Reference. † Adjusted for pre-pregnancy BMI, gestational weight gain, maternal age, race/ethnicity, marital status, education level, income level, gestational weeks, smoking status, WIC (women, infants, and children) participation during pregnancy, parity, timing of initiation of prenatal care, and number of prenatal care visits. ‡ Adjusted for previous history of preterm birth, pre-pregnancy BMI, gestational weight gain, maternal age, race/ethnicity, marital status, education level, income level, gestational weeks, smoking status, WIC (women, infants, and children) participation during pregnancy, parity, timing of initiation of prenatal care, and number of prenatal care visits. 1 The APNCU index comprises two parts: the month in which prenatal care is initiated and the number of visits from the initiation of care until delivery. Inadequate utilization is defined as either starting prenatal care after the 4th month of pregnancy or receiving fewer than 50% of the expected visits based on the schedule for prenatal care visits recommended by the American College of Obstetricians and Gynecologists (ACOG). Intermediate care is care begun by month 4 and with 50-79% of expected visits received; adequate care is that begun by month 4 and with 80-109% of the expected visits received; adequate-plus care is begun by month 4 and with 110% or more of the expected visits received.
Results
Women who did not receive any prenatal care during pregnancy had increased odds of delivering SGA infants compared to those in women who started in the first trimester (AOR = 1.37, 95% CI = 1.03-1.84). Women who started prenatal care in the second or third trimester had lower odds of preterm births than that in women who started prenatal care in the first trimester (AOR = 0.89, 95% CI = 0.81-0.99) ( Table 5 ). Women who received 9-11 prenatal care visits had increased odds of delivering SGA infants compared to those in women who had more than 12 prenatal care visits (AOR = 1.07, 95% CI = 1.02-1.14). Women who received fewer than eight prenatal care visits had increased odds for preterm birth compared to those in women with more than 12 prenatal care visits (AOR = 1.29, 95% CI = 1.13-1.48) ( Table 6 ). Table 6 . Associations of the number of prenatal care visits with small-for-gestational-age (SGA) infants and preterm birth. 
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Discussion
Our study findings indicated that the effect of inadequate utilization of prenatal care on the risk of SGA birth was not statistically significant, which is in agreement with previous findings [23] . However, inadequate utilization of prenatal care indicated by the APNCU index was reportedly associated with an increased risk for SGA infants in a representative U.S. population [13, 24] . This may be due to the fact that those with inadequate utilization of prenatal care were disproportionately mothers under 15 years of age and multiparous women. However, the demographics of pre-pregnancy BMI, maternal age, race, education, and income across the categories of APNCU index categories, as shown in Table 1 , showed even distributions.
The results of the present study showed that women who did not receive any prenatal care compared to those women who started prenatal care in the first trimester of pregnancy had increased risks of delivering SGA infants. In addition, women who had 9-11 prenatal care visits, had increased risks for delivering SGA infants compared to those in women with more than 12 prenatal care visits. These results parallel previous findings that the rates of SGA declined with increasing numbers of prenatal care visits [9] . According to previous studies, prenatal care is also beneficial for pregnant women for the diagnosis and treatment of maternal genital tract [25] , and HIV infections [26] or for the imitation of exclusive breastfeeding [27] .
In the present study, women in the adequate-plus utilization of prenatal care category were at an increased risk for preterm births compared to those in the adequate utilization of prenatal care category. This may be due to the fact that a shorter gestational age implies a lower number of expected visits, which yields a small denominator in the observed/expected ratio of prenatal care visits [9] . As a result, the observed/expected ratios may exceed 100% and may cause misleading results indicating that women grouped in the adequate-plus category are most likely to have a preterm birth. Thus, the APNCU index yielded results indicating that those women categorized in the highest resource utilization category were most likely to experience preterm births, as confirmed in previous findings [9, 24] . Our results also indicated that women in the adequate-plus category had the highest number of gestational-age births (at less than 37 weeks) (41.0%) compared to that in women in the inadequate (11.7%), intermediate (10.7%), and adequate (36.7%) APNCU groups. It has been previously suggested that the adequate-plus group includes disproportionately more identified high-risk pregnancies that required more prenatal visits and subsequent interventions [7, 10] . Contrary to our findings, among U.S. [6] and Canadian pregnant women [8] , the preterm birth rate was significantly higher in the "presence of prenatal care" group compared to that in the "absence of prenatal care" group. However, in that study, prenatal care was considered to be present if there was at least one prenatal visit during the course of pregnancy [6] . The contradictory findings may be due to the definition of the presence of prenatal care, which is different from that in the APNCU index, which considers the month of initiation of prenatal care as well as the total number of prenatal visits.
This study has several limitations. A limitation of the APNCU index is the gestational age bias [9, 24] . Gestational age affects categorization within the APNCU index and could have a greater impact on preterm births. Short gestation may result in delivery before the opportunity to initiate care or misclassification into the adequate-plus category, as fewer visits are recommended in early pregnancy and 110% utilization could be met with only one extra visit [24] . Our finding of a 1.69-fold increase in the number of preterm births in the adequate-plus group compared to that in the adequate group may reflect this bias; thus, caution is necessary for the interpretation of the APNCU index in relation to preterm births. Additionally, health insurance information was not considered in assessing the relationship between prenatal care and birth outcomes, although a lack of health insurance is an important risk factor for inadequate prenatal care [28] .
Although the APNCU index is a widely considered standard for estimating the adequacy of prenatal care utilization, some researchers [9] reported shortcomings of the index such as a young gestational age implies fewer number of expected visits and, thus, results in the observed/expected ratios often exceeding 100%. Consequently, the authors concluded that the APNCU index yields misleading results indicating that women group in the adequate plus category are most likely to deliver low birth weight infants. Limitations in the definitions and measurement of prenatal care may generate these results, which can also be applied in our study.
Strengths of this study are that PRAMS is a population-based study with the overall response rate of over 70%. The extensive information on maternal sociodemographic and lifestyle factors could be matched with state birth records and, thus, a number of important confounders could be controlled in the present study. However, this study may have several limitations. Due to the retrospective cross-sectional study design, a cause-effect relationship cannot be established. Mothers who were surveyed 2-4 months postpartum could have had some recall bias with memory lapse. Additionally, medically-induced preterm births could not be distinguished from spontaneous preterm births in our study.
Conclusions
In conclusion, women in the adequate plus APNCU index category are most likely to deliver SGA infants and preterm birth. Fewer numbers of prenatal visits are associated with higher rates of SGA infants and preterm birth. We conclude that women with high-risk pregnancy are prone to receive adequate plus prenatal care in the U.S.
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